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ABSTRACT 



Communication speed of a radio communication device 
such as a portable telephone is controlled according to 
t emperature of a transmitting, ftmplif^^f to avoid overheating 
^oLihe device. The transmitting amplifier temperature is 



detected by a temperature detector installed in the device. 
When .the_transmittin£_am plifier temp erature ^Jo^ex_than^ a 
firstJe mneraturc, the communication speed is set at a high 
level tojbran Mni^^ 

ttansmiSn'g^am^Uto ds the first 

jenM^ature^^^ 

s^t^^djb^ajbw^^jo^avoi^^ 
'CTopSthSpS^s^d^nS 

tr^ ^itted . When the transmitting amplifier temperature 
becomes below a second temperature that is lower than the 
first temperature, the communication speed is switched back 
to the high level to resume transmission of both voice and 
image data.. Thus, the communication device is protected 
firom overheating without interrupting communication. 

4 Claims, 3 Drawing Sheets 
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RADIO COMMUNICATION DEVICE invention is to provide a radio communication device, such 

HAVING VARIABLE COMMUNICATION as a portable telephone device, that is able to perform high 

SPEED speed communication, while avoiding excessive tempera- 
ture rise in the device and discontinuation of communication 

CROSS-REFERENCE TO RELATED ^ between users. 

APPLICATION A portable telephone device operating under the CDMA 

Ibis application is based upon and claims benefit of includes a receiver-transmitter that receives and transmits 

priority of Japanese Patent Application No. Hei-10-252754 high frequency signals, a voice processor connected to a 

filed on Sep. 7, 1998, the coQtent of which is incorporated speaker and a microphone, an image processor connected to 

herein by reference. ^ display panel and a camera, a key pad for inputting 

o Ar^irr-nrMTKTT^ ttttt TKT^/TTKrrrr^KT Command signals, and a controller that controls the opera- 

BACKGROUND OF THE INVENTION tion of the whole device. GeneraUy, high transmitting power 

1. Field of the Invention is consumed, and temperature of a transmitting amplifier 
The present invention relates to a radio communication becomes high, when communication is performed at a high 

device such as a portable telephone that operates under the i5 speed. A temperature detector for detecting the transmitting 

codc-division multiple access system (CDMA), and more amplifier is disposed in the receiver-transmitter, 

particularly to such a device, the communication speed of ^ i-c ^ . • i 

which is contioUed according to temperature of it^ trans- the transmitting amphfier temperature is lower than 

. . & r ^ predetermmed first temperature, communicaaon speed of 

^ r r. 1 J A the device is set at a high speed, e.g., 64 kbps. When the 

2. Descnption of Related Art 20 transmitting amplifier temperature exceeds the first tempera- 
Digital radio communication devices that operate under ^^^^ ^^^^ng operation at the high speed, the communicaUon 

the Ume-division multiple access (TDMA) system or under ^^^^^ ^ automatically switched to a low speed, e.g., 8 kbps 

the code-division multiple access (CDMA) are widely used, ^^^^^ overheating of the device. After the transmitting 

In high speed communication using a portable packet com- amplifier temperature becomes below a predetermined sec- 

munication device that operates under the TDMA system, 25 temperature that is lower than the first temperature 

data transmission is performed by continuous time slots. ^^^^^^g operation at the low speed, the communication speed 

However, if the data transmission is continuously is automatically switched again to the high speed 

performed, ten^perature of the transmitting amplifier tends to ^^^^ ^^.^^ ^^^^ transmitted during 

nse excessively due to high power consumed m the high ... ... r j * *u u* u 

, .. . , vc . -.n the period m which communicationis performed at the high 

speed continuous transmission. In case the amphfier tem- 30 communication speed is switched to the 

perature exceeds a permissibk level components such as ^^^.^ overheating of the device, only the voice 

power transistors constituting the amphfier may be damaged ^^^^ transmitted and transmission of the image data is cut 

by me excessive neat. because the low speed is insufi&cient to transmit both the 

To cope with this problem JP-A-9-326749 proposes a ^^.^^ ^ ^^^^ communication speed is 

device that operates in the foUo wing manner. Tlie device 35 ^^^^^^^ ^^^^ transmission of both 

disclosed therem is a portable device for padcet coinmum- ^^-^ ^ ^^^^ ^^^^^^ 

cation operating under the TDMA system. In this device, ^ j. . .t. . • .1. ■ 

whether TDMA radio time slots are used continuously or ^ According to the present mvention, the commumcaUon 

intermittentiy is determined, based on the transmitting device is protected froni overheating whfie keeping the 

amphfier temperature detected by a sensor or information of 40 communication speed as high as possible without interrupt- 

the TDMA radio time slots used in transmission. Since communication. 

continuous or intermittent transmission is selectively Other objects and features of the present invention will 

switched based on the transmitting amplifier temperature, become more readily apparent from a better understanding 

the temperature rise in the device is limited to a certain level of the preferred embodiment described below with reference 

even if the data transmission is performed for a long period 45 to the following drawings, 
of time. In this manner, the components of the device such 
as power transistors are protected from being damaged by 

excessive heat. FIG. 1 is a flowchart showing a data transmission process 

Under the CDMA system, as in the TDMA, a higher according to the present invention; 

transmitting power is consumed as Uie communication speed piG. 2 is a block diagram showing a whole structure of a 

increases, as shown in the graph of FIG. 4, Accordingly, the radio communication device; 

transmitting amplifier temperaUire becomes higher accord- 3 ^ ^^^^ showing temperature of a transmitting 

ing to the transmitting speed. If high speed transmission is j^^^ ^^^^^^ transmitting speed, the temperature being 

performed continuously for a long penod of Ume, there is a controlled by switching the transmitting speed; and 

possibility that the device be damaged due to excessive heat „_ u l - * 

generated in the transmitting amplifier. Under the TDMA, if . ^}° * * «^»P'' showing transmittmg power consumed 

Lre is a period in which do transmission is performed by '° '^'"'^ transmitting speed. 

using the radio time slots intermittently, it does not give DETAILED DESCRIPTION OF THE 

inconvenience to a user, because the data transmitted are PREFERRED EMBODIMENT 
packet data. On the contrary, since the data transmitted under 

the CDMA are real time data, communication betweeu users ^ preferred embodiment of tiie present invention wiU be 

are hindered if there is a period in which no data transmis- described with reference to the accompanymg drawings, 

sion is performed. embodiment shown here is a portable telephone device 

for sending and receiving both voice and image data, and it 

SUMMARY OF THE INVENTION ^5 operates under the CDMA using dispersed codes. Under the 

The present invention has been made in view of the • CDMA, a high communication speed can be realized by 

above-mentioned problem, and an object of the present using a multi-code method. If three multi-codes are used, the 



BRIEF DESCRIPTION OF THE DRAWINGS 



03/01/2004, EAST Version: 1.4.1 



us 6,574,209 Bl 

3 4 

communication speed can be increased by three times, transmitting base band signals are fed to the receiver- 

However, as seen in the graph of FIG. 4, higher transmitting transmitter 2 which converts the transmitting base band 

power is consumed, as the communication speed increases. signals into transmitting high frequency signals. The trans- 

Accordingly, the transmitting amplifier temperature mitting high frequency signals arc amplified and transmitted 

becomes higher. According to the present invention, the s from the antenna 3 as radio wave to a relay terminal, 

communication speed is controlled according to the trans- ^^^^ ^^^.^ ^^^^ ^^^^ ^^^^ ^^^^^^ 

^ule^devici ' P''''^^^ ^''^""^ and received by the antenna 3 is fed to the receiver- 

„. , c . r-T^ 1 c.i. transmitter 2 as high frequency receiving signals. The 

First, refernng to FIG. 2, a circuit structure of the com- . , ? \ *u u- u \, 

. \ ^ ° ^ 1. J- . f.u receiver-transmitter 2 converts the high frequency receiving 

mumcation device as the embodiment of the present inven- ^- „• 1*^ <,«fo««t 

.„ , , ^ J * .1, f ^11- signals into receivmg base band signals through its antenna 

tion will be described. A controller 1 for controllmg the lu-ur i-^ j .. . 

. . . *u J • • 1 J • coupler, high frequency amplifier and receivmg mixer. The 

communicauon process m the device inc hides a m.crocom- ^J^^^^^^ f^^.^^ jj^^ 

puter as its mam component The controUer 1 is connected ^^^^^ ^ ^^.^^ ^^ 

to a receiver-transmitter 2 that is corrected to an antenna 3^ demodulated, processed under GDMA. and are fed to the 

Further, the conttoUer 1 is connected to a voice proceKor 4 ^^.^ ^^^^^ ^ ^^ . ^^^^^^ ^ ^ ^^^^ 

and an image processor 7. Tie voice processor 4 feeds its ^^j^ ^. ^ respectively. The 

output to a speaker 5, and voice data are fed from a ^^^^j^ ^^.^ ^^^^ ^^.^ processor 4 are 

microphone 6 to the voice processor 4. Tie image processor ^^.^^hed into receiving voice digital signals and then further 

7 supphes Its output to a display 8, and image data are fed ^^^^^^^ ^^.^^ ^^^^ ^ 

from a camera 9 to the unage processor 7. Akey pad 10 is ^ ^^^^^^ ^^.^ ^^^^ 5 

connected to the controller 1 to feed command signals ^^^^^ ^^^^^ ^^^.^^ .^^^^ ^^j^ ^^^^ ^^^^ 

image processor 7 are stretched into receiving image digital 

-nie key pad 10 includes various keys, such as a POWER • ^ ^^^^ ^ j g 

key, a START key, an END key, NUMBER keys for % . ... ^. , , n 

1 »rv7 * "fi" Tn/Ar-r? i™ To receive a call m the waitmg state, a call message sent 

numerals Cr to 9 , an IMAGE key, tor conunanding ns n. i . • i • • j u . a j 4U 

. 1 , 11^-1 Trl«„ :„ tiZ from a relay terminal IS received by the antenna 3, and the 

various operation to the controller 1. Upon tummg on the „ ^ . ^ . - , u u j • i *u utu 

nr^wTrn ^ 4 i *u Call message IS Converted mto a base band Signal through the 

POWER key, the antenna 3 catches the strongest radio wave . ... ^ r™ . l j - i • j ■ 

J J * *u • * 1 Ti, receiver-transmitter 2. The base band signal is processed m 

among others and sends it to the receiver-transmitter 2. The , ^ n A r* *i. n 

. * , >i * *i. u- u f * 1 the controller 1 to initiate the call reception. Alter the call 

receiver-transmitter 2 converts the high frequency signals ... i . . . , ^ a - *u 

... u J • 1 *!. t ♦ 1 reception is completed, communication is performed m the 

mto receiving base band signals through an antenna coupler, 30 j -l j u c j- n 

...» ^ j • j j same manner as described above tor sending a call, 
a high frequency amplifier and a receivmg mixer, and sends 

the receiving base band signals to the controller 1. The A temperature detector 11 having a thennistor is disposed 
controller 1 demodulates the receiving base band signals at a vicinity of the transmitting power amplifier of the 
into data signals. If the controller 1 determines that a receiver-transmitter 2. The temperature detector 11 detects 
position registration is necessary based on the data signals, 35 temperature of the transmitting power amplifier and 
converts position registration signals into transmitting base outputs an analog signal that is proportional to the amplifier 
band signals and feeds them to the receiver-transmitter 2. temperature. The analog signal is converted mto a digital 
The receiver-transmitter 2 converts the transmitting base signal through an A/D converter contained in the tempera- 
band signals into transmitting high frequency signals ture detector 11, and the digital signal is fed to the controller 
through its transmitting mixer and transmits them as radio 40 ^ controller 1 calculates the amplifier temperature 
wave, through a transmitting power amplifier and the based on the digital signal, 

antenna coupler, from the antenna 3. After completion of the Referring to FIG. 1, the process of sending a call will be 

above processes, the portable telephone is brought to a described in detail. Upon inputting a telephone number to be 

waiting state. called and pushing the START key, the controller 1 comes 

To send a call, the telephone number to be called is 45 out of a main routine and moves to an interrupt-routine 

inputted from the NUMBER keys. The controller 1 displays shown in FIG. 1. Thereafter, the controller 1 performs the 

the inputted number on the display 8 through the image process shown in the interrupt-routine. At step SI, the 

processor 7. After the displayed number is confirmed, the communication speed (data transmitting speed) is set at 64 

START key is pushed, and thereby the call is started. Upon kbps. At step S2, the portable telephone device is brought to 

starling of the call, user's voice is inputted from the micro- 50 a dual mode, in which both voice communication and image 

phone 6 and is fed to the voice processor 4. The voice communication are performed. Namely, the voice of party A 

processor 4 converts the voice signals into digital signals using this portable telephone is fed into the device through 

through its A/D converter, and then the digital signals are the microphone 6, and the video image of party Ais fed into 

compressed into low-bit-rate transmitting voice data signals the device through the camera 9. The voice of the other party 

which in turn is fed to the controller 1. If radio wave ss B is heard through the speaker 5, and the image of party B 

conditions at that time is sufiBciently good to perform high is shown on the display 8. At step S3, the transmitting 

speed communication of 64 kbps, upon operation of the amplifier temperature Tta is calculated based on the signal 

IMAGE key, video images of the user is taken in by the fed from the temperature detector U to the controller 1, 

camera 9 and sent to the image processor 7 as electric At step S4, it is determined whether the transmitting 

signals. The image signals are converted into digital signals 60 amplifier temperature Tta is higher than a predetermined 

through an amplifier and an A/D converter in the image first threshold temperature Tthl (Tta>Tthl?). If Tta is not 

processor 7. Further, the digital image signals are com- higher than Tthl, the program moves to step SI, and steps 

pressed into low-bit-rate transmitting image data signals S1-S4 are repeated thereafter. If Tta is higher than Tthl, the 

which are fed to the controller 1. program moves to the next step S5. At step S5, the com- 

The voice data signals and the image data signals, both 65 munication speed is set at 8 kbps. At the next step S6, the 

fed to the controller 1 are processed under the CDMA and device is brought to a voice mode in which only voice 

digitally modulated into transmitting base band signals. The communication is performed. Namely, only the voice signals 
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of both parties are processed. If the device is in the dual 
mode at that time, the dual mode is switched to the voice 
mode. In this case, one frame image of party B displayed at 
the last moment is stored in a memory of the image 
processor 7 and is continuously displayed as a still image. It 
is also possible for party A to turn oK the display 8 to display 
nothing thereon. Power supply to the camera 9 is automati- 
cally turned off at the moment the mode is switched from the 
dual mode to the voice mode. Then, the program moves to 
step S7. 

At step S7, the transmittiog amplifier temperature Tta is 
detected again. At the next step S8, it is determined whether 
the transmitting amplifier temperature Tta is lower than a 
predetermined second threshold temperature Tth2 
(Tta<Tth2?). The predetermined second threshold tempera- 
ture Tth2 is pres;et at a level lower than the predetermined 
first threshold temperature Tth2. If Tta is not lower than 
Tth2, the program moves to step S5. Steps S5-S7 are 
repeated thereafter. If it is determined that Tta is lower than 
Tth2 at step S8, the program moves to step SI where the 
communication speed is set at 64 kbps. 

Referring to FIG. 3, relation between the transmitting 
amplifier temperature Tta and the communication speed 
controlled under the program shown in FIG. 1 will be 
explained. During the period in which the communication is 
performed at a high speed of 64 kbps, the transmitting 
amplifier temperature Tta gradually rises. When Tth exceeds 
the level of the first threshold temperature Tthl, the com- 
munication speed is automatically switched to a low speed 
of 8 kbps. During the period in which the communication is 
performed at the low speed, Tth gradually decreases. When 
Tth becomes below the level of the second threshold tem- 
perature Tth2, the communication speed is automatically 
switched from the low speed to the high speed. Thereafter, 
the process described above is repeated as shown in FIG. 3. 

The first threshold temperature Tthl is preset at a level at 
which components constituting the transmitting amplifier 
such as transistors are not damaged by excessive heat. The 
second threshold temperature Tth2 is preset, at a level that 
is lower than the first threshold temperature Tthl to provide 
a proper hysteresis in switching the communication speeds. 

Advantages of the present invention are summarized as 
follows. Since the communication at a high speed which 
generates a high amount of heat in the device is automati- 
cally switched to the communication at a low speed, the 
transmitting amplifier is protected from being damaged or 
malfunctioning due to excessive heat. Since a hysteresis is 
provided in switching the communication speeds by setting 
two threshold temperature levels, Tthl and Tth2, the high 
communication speed that is once switched to a lower speed 
when the transmitting amplifier temperature Tta exceeds 
Tthl can be automatically recovered after the transmitting 
amplifier has been cooled down to the level of Tth2. Thus, 
the communication can be performed at a possible highest 
speed without damaging the device. 

Since the dual mode being performed at the high com- 
munication speed (64 kbps) is automatically switched to the 
voice mode at the low communication speed (8 kbps) when 
the transmitting amplifier temperature Tta exceeds the 
threshold temperature, the voice communication can be 
continuously performed without interruption while avoiding 
an excessive temperature rise in the device. The high com- 
munication speed at 64 kbps is necessary for the dual mode 
(voice and image), while the low speed at 8 kbps is suflScient 
for the voice mode (voice only). When the dual mode is 
switched to the voice mode, party A who is sending mes- 



15 



25 



35 



50 



55 



sages to the other party B easily recognizes that the com- 
munication mode is switched to the voice mode because 
only a still image of party B is shown on the di^lay 8. Party 
A may notify to party B by voice that image transmission is 
discontinued because of excessive heating of the device. If 
necessary, party A may tell party B to call him again after the 
dual mode communication is recovered. Further, when the 
transmitting amplifier temperature Tth drops below the level 
of the second threshold temperature Tth2 during a period in 
which the voice mode communication is being continued, 
the dual mode is automatically recovered, and thereby the 
image data transmission is automatically resumed. 

The size of the display 8 may be variously selected. It may 
be a small panel installed on a part of the portable device, or 
a large panel covering a substantially whole surface of the 
portable device. Though the two levels of communication 
speed are switched according to the transmitting amplifier 
temperature in the embodiment described above, it is pos- 
sible to set several levels of the communication speed. The 
present invention may be applied also to a portable tele- 
phone having no display panel, though the display 8 is 
installed on the embodiment described above. 

While the present invention has been shown and 
described with reference to the foregoing preferred 
embodiment, it will be apparent to those skilled in the art 
that changes in form and detail may be made therein without 
departing from the scope of the invention as defined in the 
appended claims. 

What is claimed is: 

1. A radio communication device operating under a code- 
division multiple access system and having a transmitting 
amplifier, the device comprising: 

a temperature detector for detecting temperature of the 

transmitting amplifier; 
means for controUing transmitting speed of the device 

based on the detected temperature of the transmitting 

amplifier; and 

wherein the transmitting speed is controlled to a prede- 
termined first speed when the temperature of the trans- 
mitting amplifier is lower than a predetermined first 
temperature; 

the transmitting speed is controlled to a predetermined 
second speed that is lower than the predetermined first 
speed when the temperature of the transmitting ampli- 
fier exceeds the predetermined first temperature; and 
the transmitting speed is controlled again to the prede- 
termined first speed when the temperature of the 
transmitting amplifier becomes below a predeter- 
mined second temperature that is lower than the 
predetermined first temperature. 

2. The radio communication device as in claim 1, 
wherein: 

voice and image data are transmitted when the transmit- 
ting speed is controlled to the predetermined first 
speed; and 

only the voice data are transmitted when the transmitting 
speed is controlled to the predetermined second speed. 

3. A radio communication device operating under a code- 
division multiple access system and having a transmitting 
amplifier, the device comprising: 

a temperature detector for detecting temperature of the 

transmitting amplifier; 
means for controlling transmitting speed of the device 

based on the detected temperature of the transmitting 

amplifier; 
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means for transmitting voice data and means for trans- 
mitting image data; 
the means for controlling the transmitting speed controls 
the transmitting speed to a high level under which both 
the voice data and the image data are transmitted, when 5 
the temperature of the transmitting amplifier is lower 
than a predetermined temperature; and 
the means for controlling the transmitting speed con- 
trols the transmitting speed to a low level under 
which only the voice data are transmitted, when the 10 
temperature of the transmitting amplifier exceeds the 
predetermined temperature. 



4, The radio communication device as in claim 3, 
wherein: 

the means for controlling the transmitting speed controls 
the transmitting speed again to the high level, when the 
temperature of the transmitting amplifier becomes 
lower than another predetermined temperature, that is 
lower than the predetermined temperature, during a 
period in which the voice data are being transmitted at 
the low level of the transmitting speed. 
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